The efficacy and safety of telmisartan 80 mg/amlodipine 5 mg plus hydrochlorothiazide 12.5 mg (T80/A5/H12.5) was examined for its ability to treat hypertension in Japanese patients whose hypertension is uncontrolled with telmisartan 80 mg/amlodipine 5 mg (T80/A5). Patients aged ⩾ 20 years who had essential hypertension despite taking two or three antihypertensive drugs entered a 6-week run-in period on T80/A5. Patients whose hypertension remained uncontrolled were randomly assigned to either the T80/A5/H12.5 group (n = 149) or the T80/A5 group (n = 160), once daily for 8 weeks. After 8 weeks, patients in the T80/A5/H12.5 group showed a significantly greater adjusted mean reduction in both seated diastolic blood pressure and seated systolic blood pressure than those in the T80/A5 group. Furthermore, more patients achieved a diastolic/systolic blood pressure of o90/140 mm Hg in the T80/A5/H12.5 group compared with the T80/A5 group. The most common adverse events were nasopharyngitis, elevated blood uric acid levels and hyperuricemia, and the latter two events were more frequent in the T80/A5/ H12.5 group than in the T80/A5 group. Overall, T80/A5/H12.5 administered for 8 weeks significantly reduced systolic and diastolic blood pressure and was well tolerated by patients with hypertension uncontrolled with T80/A5.
INTRODUCTION
According to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2014) , it is estimated that ∼ 43 million people are affected by hypertension in Japan. 1 It is concerning that the number of people with hypertension may continue to increase with aging of the population. In a survey of 4000 hypertensive subjects, the proportion with controlled blood pressure was 34.9% in 2006, and this improved to 50% in 2009; however, blood pressure control remains inadequate. 2 Another survey conducted in 3000 subjects in 1994, 2001 and 2010 showed that the mean number of prescribed agents per patient increased gradually from 1.64 in 1994 to 1.79 in 2001 and to 2.04 in 2010. 3 For many patients, a combination of two or more treatments, or an increased dose of combination therapy, is required to achieve any antihypertensive effect. 1 Angiotensin II receptor blockers (ARBs), angiotensin-converting enzyme inhibitors, calcium channel blockers (CCBs) and diuretics are first-line drugs for the management of hypertension. 1 CCBs and ARBs lower blood pressure by vasodilating effects. Diuretics increase the excretion of excess water and sodium, thereby decreasing peripheral vascular resistance.
Among these first-line drugs, ARB/CCB combination therapy is widely used for hypertensive patients as a second-line treatment. In a phase III study, a combined antihypertension treatment containing 80 mg of the ARB telmisartan and 5 mg of the CCB amlodipine (Micamlo combination tablets BP; Nippon Boehringer Ingelheim) reduced diastolic blood pressure (DBP) to ⩽ 90 mm Hg in 70.1% of patients compared with 41.5% of patients taking telmisartan monotherapy (data on file, Nippon Boehringer Ingelheim, Tokyo, Japan).
For patients with hypertension refractory to ARB/CCB, the use of an additional antihypertensive drug with a different mode of action, such as a low dose of a diuretic, is recommended. 1 However, diuretics are infrequently used to treat Japanese hypertensive patients. We designed this study to determine the effects of adding the diuretic hydrochlorothiazide to an ARB/CCB combination therapy.
The aim of this prospective, randomized, double-blind, active-control, parallel-group comparison study was to examine the efficacy and safety of telmisartan (80 mg), amlodipine (5 mg) and hydrochlorothiazide (12.5 mg) (T80/A5/H12.5) for the treatment of hypertensive patients whose hypertension is uncontrolled with telmisartan (80 mg) and amlodipine (5 mg) (T80/A5).
MATERIALS AND METHODS Patients
Japanese patients aged ⩾ 20 years were enrolled in this study if they had essential hypertension, were already taking two or three antihypertensive drugs (at the time of the visit for signing the informed consent form), had a mean (of three measurements in one visit) seated DBP ⩾ 90 and ⩽ 114 mm Hg at week − 6 and week 0 (see Figure 1 for details of visits), had a mean seated systolic blood pressure (SBP) ⩽ 200 mm Hg at week − 6 and week 0, were an outpatient, were able to stop all current antihypertensive drugs (other than study medication) from week − 6 through to the end of the study without risk and if they provided informed consent. Patients were excluded if they had any of the following: known or suspected secondary hypertension, cardiac disorders, a history of stroke or transient ischemic attack within the past 6 months, hepatic or renal dysfunctions, biliary atresia or cholestasis, hyperkalemia, anuria or blood dialysis, hyponatremia, malignant tumor or a disease requiring immunosuppressants. Patients were also excluded if they were o80% or 4120% compliant during the run-in period. The study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval was acquired from all institutional review boards and all patients provided written informed consent that they were free to withdraw at any time during the study.
Prescribed treatments for concomitant diseases, except for those known to affect blood pressure, were not discontinued during the study. Patient compliance was measured at each visit by counting the number of tablets returned to the investigation and calculating the percentage of medication taken in relation to the amount that should have been taken.
Study design
This study was designed as an 8-week, multicenter (30 sites), randomized, double-blind, active-control, parallel-group comparative phase III clinical study conducted between 8 November 2013 and 12 July 2014 to verify the superiority of T80/A5/H12.5 over T80/A5 for the reduction in blood pressure. Patients entered a 6-week open-label run-in period that involved the oral administration of a once-daily T80/A5 fixed-dose combination tablet. At the end of the run-in period (week 0), patients whose trough-seated DBP remained ⩾ 90 mm Hg after treatment with T80/A5 were randomly assigned to one of two groups: once-daily, orally administered T80/A5 fixed-dose combination tablet+H12.5 (T80/A5/H12.5) or T80/A5 fixed-dose combination tablet+placebo (T80/A5). The treatment period lasted 8 weeks (Figure 1 ). Randomization and appropriate supply of study medication to patients was performed using Interactive Response Technology.
Study endpoints
Efficacy. The primary endpoint of this study was the reduction from the reference baseline in mean seated DBP at trough after 8 weeks of the double-blind period. The key secondary endpoint was the reduction from the reference baseline in mean seated SBP at trough after 8 weeks of the double-blind period. The other secondary endpoint was the proportion of patients with seated DBP o90 mm Hg and seated SBP o140 mm Hg at trough after 8 weeks of the double-blind period. Other endpoints included the seated DBP control rate (percentage of patients with DBP o90 mm Hg) and SBP control rate (percentage of patients with SBP o140 mm Hg) at trough after 8 weeks of the double-blind period and seated DBP response rate (percentage of patients with DBP o90 mm Hg or a reduction in DBP of ⩾ 10 mm Hg) and SBP response rate (percentage of patients with SBP o140 mm Hg or a reduction in SBP of ⩾ 20 mm Hg) at trough after 8 weeks of the double-blind period from the reference baseline.
Blood pressure and heart rate measurements. All blood pressure measurements were taken with a standard mercury sphygmomanometer, recorded on the same arm by the same operator where possible. Blood pressure and pulse rate at trough were measured ∼ 24 h (±3 h) after the last dose of the study drugs on the previous day. Seated blood pressure was calculated as the mean of three measurements.
Seated blood pressure and pulse rate were measured at weeks − 6, 0, 4 and 8. Blood pressure and pulse rate were measured in seated, supine and standing positions at weeks − 6, 0 and 8. DBP was taken at the disappearance of repetitive sound (Korotkoff phase 5). In those in whom the sound continued until the zero point, the blood pressure at the distinct muffling of the repetitive sounds (Korotkoff phase 4) was to be recorded as the DBP.
Safety. To ensure the safety of the study participants, the parameters were analyzed during the study, while maintaining blind, to identify potential safety concerns, including the incidence of adverse events, changes in blood pressure and pulse rate following position change, seated pulse rate and general laboratory tests (blood biochemistry, hematology and urinalysis).
Statistical analyses
The sample size of 300 (150 per group; allocation ratio 1:1) was determined to achieve superiority of the T80/A5/H12.5 group to the T80/A5 group with two-sided significance level of 5% and power of 480% provided that the seated DBP reduction would differ between treatment groups by 2.8 mm Hg with s.d. of 8.5 mm Hg.
In this study, three analysis sets were defined for analyzing data, including the treated set, the full analysis set (FAS) and the per-protocol set (PPS). The treated set was defined as all patients (1) randomly assigned to one of two treatment groups and (2) taking at least one dose of T80/A5/H12.5 or T80/A5. The FAS was defined as all patients (1) included in the treated set and (2) taking measurements of seated DBP at reference baseline and at one or more time points during the double-blind period. The PPS was defined as a collection of patients (1) included in the FAS and (2) observing no important protocol violation that might affect the efficacy evaluation during the double-blind period.
For the primary and key secondary endpoints, an analysis of covariance (ANCOVA) was performed on the FAS to analyze the blood pressure reduction after 8 weeks of treatment in the T80/A5/H12.5 and T80/A5 groups. The model includes treatment and center as fixed effects, and reference baseline as a covariate. The last observation carried forward (LOCF) approach was used to impute missing data. The treatment effect was tested and estimated by the adjusted mean and its 95% confidence interval (CI) obtained from the model. The sensitivity analyses were performed using an ANCOVA on the PPS, and 
RESULTS

Patients
We enrolled 442 male and female Japanese patients in this study. Of these, 309 patients had uncontrolled blood pressure despite treatment with T80/A5 during the run-in period ( Figure 2 ). The study population consisted predominantly of males (83.2%) and people aged o65 years (85.4%), with the mean (s.d.) age of all patients being 54.7 (9.4) years ( .5% had at least one concomitant diagnosis; the most frequent was metabolic and nutrition disorders (72.2%), followed by hepatobiliary disorders (27.8%).
In accordance with the inclusion criteria, patients were previously treated with two (82.2%) or three (17.8%) antihypertensive drugs. In 74.4% of patients, this consisted of an ARB and a CCB, and for 10.7% it consisted of an ARB, a CCB and a diuretic. The mean (s.d.) seated DBP at reference baseline was 96.5 (5.6) mm Hg and 95.7 (5.1 mm Hg) in the T80/A5/H12.5 and the T80/A5 groups, respectively. The mean seated SBP at reference baseline was 142.3 (12.9) and 142.3 (12.1) mm Hg in the T80/A5/H12.5 and the T80/A5 groups, respectively. In general, the demographic and reference baseline characteristics of both groups were similar ( Table 1) .
The disposition of the study patients is shown in Figure 2 . Of the 442 enrolled patients, 393 entered the run-in period and 49 were excluded, largely because of violations of the inclusion/exclusion criteria. Following the run-in period, 309 patients were randomly assigned to T80/A5/H12.5 (N = 149) and T80/A5 (N = 160) groups and 84 were excluded, mainly because of not meeting the blood pressure inclusion/exclusion criteria. Of the 309 patients who entered the treatment period, 303 (98.1%) patients completed the 8-week treatment period, and the proportion of patients who completed the study was similar between groups (145 [97.3%] and 158 [98.8%] for the T80/A5/H12.5 and T80/A5 groups, respectively). The most frequent cause for discontinuation was adverse events that occurred in 2 (1.3%) and 1 (0.6%) patients in the T80/A5/H12.5 and T80/A5 groups, respectively (Figure 2 ).
DBP change
After 8 weeks of treatment, the adjusted mean (s.e.) reduction in trough-seated DBP was 8.4 (0.6) mm Hg in the T80/A5/H12.5 group compared with 4.5 (0.5) mm Hg in the T80/A5 group in the FAS (ANCOVA with LOCF). The T80/A5/H12.5 group showed a statistically significantly greater adjusted mean reduction in seated DBP compared with the T80/A5 treatment group, with a difference of − 3.9 mm Hg (95% CI: − 5.3 to − 2.4; Po0.0001). Figure 3a shows the results of a sensitivity analysis performed using a MMRM on the FAS that provided results that were consistent with those of the primary analysis. An ANCOVA on the PPS also provided results consistent with those of the primary analysis. In addition, the adjusted mean (s.e.) change from reference baseline in trough-seated DBP at week 4 based on the MMRM analysis was − 6.6 (0.5) mm Hg in the T80/A5/H12.5 group and − 3.2 (0.5) mm Hg in the T80/A5 group. Compared with T80/A5, T80/A5/H12.5 had a greater reduction in trough-seated DBP, with a treatment difference of − 3.5 mm Hg (95% CI: − 4.8 to − 2.1; Po0.0001). These data indicate that treatment with the combination T80/A5/H12.5 achieved a superior reduction in seated DBP compared with treatment with T80/A5.
SBP change
Following 8 weeks of treatment, the adjusted mean (s.e.) reduction in trough-seated SBP was 12.3 (0.8) mm Hg in the T80/A5/H12.5 group compared with 6.9 (0.8) mm Hg in the T80/A5 group in the FAS (ANCOVA with LOCF). The T80/A5/H12.5 group showed a statistically significantly greater adjusted mean reduction in SBP compared with the T80/A5 group, with a difference of − 5.3 mm Hg (95% CI: − 7.6 to − 3.1; Po0.0001). The sensitivity analysis, including a MMRM analysis on the FAS (Figure 3b) , provided results that were consistent with those of the primary analysis. Furthermore, the adjusted mean (s.e.) change from reference baseline in trough-seated SBP at week 4 based on the MMRM analysis was − 9.7 (0.8) mm Hg in the T80/A5/H12.5 group and − 5.2 (0.8) mm Hg in the T80/A5 group. Compared with the T80/A5 group, the T80/A5/H12.5 group had a greater reduction in trough-seated SBP, with a treatment difference of − 4.5 mm Hg (95% CI: − 6.6 to − 2.3; Po0.0001; MMRM analysis; Figure 3b ). These data indicate that treatment with the combination T80/A5/H12.5 achieved a superior reduction in SBP compared with treatment with T80/A5. T80/A5/H12.5 vs. T80/A5 therapy for hypertension J Higaki et al
Other outcomes
Following 8 weeks of treatment, the proportion of patients who achieved a trough-seated DBP/SBP of o90/140 mm Hg was 51.7% in the T80/A5/H12.5 group and 36.9% in the T80/A5 group (Table 2) .
Based on logistic regression analysis, patients in the T80/A5/H12.5 group were estimated to be 2.1 times more likely to achieve a DBP/SBP of o90/140 mm Hg than were patients in the T80/A5 group (95% CI: 1.2 to 3.4). In addition, more patients achieved T80/A5/H12.5 vs. T80/A5 therapy for hypertension J Higaki et al trough-seated DBP control (DBP o90 mm Hg) in the T80/A5/H12.5 group than in the T80/A5 group ( Table 2 ). The probability of achieving DBP control at week 8 was estimated to be 1.9 times higher in the T80/A5/H12.5 group than in the T80/A5 group (95% CI: 1.2 to 3.2) on the basis of a logistic regression analysis.
Of the patients within the FAS who had SBP ⩾ 140 mm Hg at reference baseline, a greater portion achieved trough-seated SBP control (SBP o140 mm Hg) by week 8 in the T80/A5/H12.5 group compared with patients in the T80/A5 group ( Table 2 ). The probability of achieving SBP control at week 8 was estimated to be 2.5 times higher T80/A5/H12.5 vs. T80/A5 therapy for hypertension J Higaki et al in the T80/A5/H12.5 group than in the T80/A5 group (95% CI: 1.2 to 5.3) on the basis of a logistic regression analysis. Furthermore, the proportion of patients who had an adequate response in trough-seated DBP (DBP o90 mm Hg or a reduction in DBP of ⩾ 10 mm Hg) at week 8 was larger in the T80/A5/H12.5 group than in the T80/A5 group. Of the patients within the FAS who had SBP ⩾ 140 mm Hg at reference baseline, more had an adequate response in trough-seated SBP (SBP o140 mm Hg or a reduction in SBP of ⩾ 20 mm Hg) at week 8 in the T80/A5/H12.5 group than in the T80/A5 group.
Subgroup analysis
Within the treatment groups, patients were divided into subgroups based on patient characteristics, including age (o65, ⩾ 65 years), sex, body mass index (o25, 25-o30 and ⩾ 30 kg m − 2 ), hypertension severity, hypertension duration (⩽1, 41-5, 45-10 and 410 years) and the number of previous antihypertension drugs used (two or three). The reductions in both DBP and SBP in each subgroup tended to be greater in patients treated with T80/A5/H12.5 than in patients treated with T80/A5 (Supplementary Tables 1 and 2 ).
Safety
Adverse events and laboratory findings. The number of patients who experienced adverse events during the double-blind 8-week period was higher in the T80/A5/H12.5 group (41.6%) than in the T80/A5 group (28.1%) ( Table 3 ). The most common adverse events were increased blood uric acid levels, nasopharyngitis and hyperuricemia. Higher incidences in the T80/A5/H12.5 group compared with the T80/A5 group were seen for increased blood uric acid levels and hyperuricemia. The frequencies of drug-related adverse events are shown in Table 3 . The incidences of drug-related adverse events were higher in the T80/A5/H12.5 group (23.5%) compared with the T80/A5 group (3.8%). This difference in the number of drug-related adverse events was largely because of the higher incidence of increased uric acid levels in the T80/A5/H12.5 group compared with the T80/A5 group (13.4% vs. 1.9%).
Indeed, regarding laboratory parameters (Supplementary Table 3 ), noteworthy differences between groups were observed for the mean change from reference baseline in uric acid (1.0 mg dl − 1 in the T80/A5/H12.5 group vs. 0.2 mg dl − 1 in the T80/A5 group). In patients who had no abnormalities at reference baseline, possible clinically relevant abnormalities included the development of high triglycerides and high total cholesterol that were detected in 11.2% and 4.3% of patients in the T80/A5/H12.5 group, respectively, and 7.3% and 5.9% of the patients in the T80/A5 group, respectively. The adverse events experienced by patients were mild or moderate in severity and no severe adverse events or deaths were reported in either treatment group. Two patients in the T80/A5/H12.5 group discontinued the study because of adverse events: atrial fibrillation and tachycardia (one patient) and hypotension (one patient). In the T80/A5 group, one patient discontinued because of ventricular extrasystoles. For all three patients, the adverse events were mild in intensity.
Adherence. The overall compliance during the double-blind period was 480% in both treatment groups; 2 (1.3%) of the 149 patients in the T80/A5/H12.5 group and none of the 160 patients in the T80/A5 group had a compliance rate of o80%.
Vital signs and other safety parameters. Following the 8-week treatment period, no clinically relevant changes in DBP, SBP or pulse rate following a position change were detected in either group compared with reference baseline. Furthermore, the seated pulse rate and pulse rate after a position change remained relatively unchanged at week 8 (Supplementary Table 4 ). Overall, both T80/A5/H12.5 and T80/A5 were well tolerated. T80/A5/H12.5 vs. T80/A5 therapy for hypertension J Higaki et al
DISCUSSION
Hypertension is a disease with a high incidence in Japan. The currently used monotherapies, including ARBs, CCBs and diuretics, are effective only in a limited proportion of patients. For those who remain resistant to therapy, a combination of antihypertensive agents is required. 1 The aim of this study was to investigate the efficacy and safety of a combination of T80/A5/H12.5 for the treatment of hypertension in patients with an inadequate response to telmisartan 80 mg and amlodipine 5 mg. The results indicate that the T80/A5/H12.5 group achieved significantly greater reductions in seated DBP and SBP relative to those achieved in the T80/A5 group. In addition, significantly more patients achieved DBP and SBP control in the T80/A5/H12.5 group compared with patients treated with T80/A5. The adverse events reported in this study were mild or moderate in severity, and those events were already observed in those receiving monotherapy or two-agent combination therapy. The incidence of drug-related adverse events was higher in the T80/A5/H12.5 group than in the T80/A5 group. The frequent drug-related adverse events in the T80/A5/H12.5 group were elevated uric acid levels and hyperuricemia. The cause of the increase in uric acid can likely be explained by the addition of hydrochlorothiazide, because elevated uric acid is a common side effect of diuretics. 4 These adverse events were manageable and did not pose a health risk.
In this study, each patient received two tablets: T80/A5 fixed-dose combination and H12.5 or T80/A5 fixed-dose combination and placebo. It is possible that a single tablet T80/A5/H12.5 combination treatment would improve patient adherence. Previous studies reported that the fixed combination of valsartan/amlodipine/ hydrochlorothiazide or olmesartan/amlodipine/hydrochlorothiazide improved adherence and persistence compared with administration of each drug as individual tablets. [5] [6] [7] This suggests that the fixed combination of T80/A5/H12.5 may increase the adherence relative to a combination of three individual treatments.
A similarly designed study of a combination of losartan 50 mg, hydrochlorothiazide 12.5 mg and amlodipine 5 mg compared with coadministration of losartan 50 mg plus amlodipine 5 mg in Japanese patients with essential hypertension did not demonstrate a significant difference in DBP reduction with hydrochlorothiazide 12.5 mg at week 8 (additional effect of − 1.1 mm Hg; 95% CI: − 2.7 to 0.6; P = 0.205). 8 However, there was a significant additional effect of hydrochlorothiazide 12.5 mg on SBP reduction at week 8 (−3.2 mm Hg; − 5.7 to − 0.8; P = 0.011). 8 The difference between the results of the losartan study and ours is possibly because of the profile of ARBs, that is, usual dosage range, terminal half-life and volume of distribution. 9 The high-dose ARB with a large volume of distribution is suitable to completely inhibit the renin-angiotensin system activated by CCBs and diuretics. 10 Among ARBs, telmisartan is a long-acting antihypertensive drug that may provide sustained reductions in blood pressure throughout a 24-h dosing period. 9, 11 The results of this study should be considered in light of its limitations. The main limitation of this study was that the mean age of the patients was 54.7 years and only 14.6% of patients were ⩾ 65 years old. Therefore, the efficacy and safety profiles of T80/A5/H12.5 in older patients could not be determined. The study was also only conducted in institutions within Japan, and hence the results are not generalizable to populations of other ethnicities. Another limitation was the short duration of the study, as 8 weeks may not have been sufficient to observe the full benefit provided by the combination therapy, or the benefits may have been reduced over a longer period. Finally, we did not include patients with severe impaired kidney function (estimated glomerular filtration rate o30 ml min − 1 1.73 m − 2 ) who may also require combination therapies to manage hypertension.
CONCLUSIONS
The results from this phase III study indicate that the combination of telmisartan, amlodipine and hydrochlorothiazide is more effective than that of only telmisartan and amlodipine at reducing blood pressure in hypertensive patients. The addition of hydrochlorothiazide to a ARB/CCB combination therapy provides clinicians with a suitable treatment option for patients unresponsive to ARB/CCB combinations. This triple combination therapy is effective and well tolerated.
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